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¥INAL REPORT: “CELATION OF OIL SPILLS BY AMINE CARBAMATES AS AN ADJUNCT
TO U.S. NAVY OIL SPIIL RECOVERY OPERATIONS"

Contract No. NO0O14-76-C-03%9

Office of Naval Research
Department of the Navy

Contract Period: 15 October 1975 - 14 November 1976

CBJECTIVES

The objectives of this research project, as stated in the original proposal
submitted 27 May 1975, were to investigate the feasibdility of using
commercially available aliphatic amines in the form of carbamate salts as
gelling sgents for oll slicks at sea or on inland waters to:

1. Restrain the spreading of oil slicks.

2. Improve the visibility of the boundaries of oil slicks
undergoing retrieval operations.

3. Facilitate and snhance the yield of harvesting of oll
s1icks, using existing U.S. Navy oll spill removal equipment.

(The process embodied in the proposal and project is the reaction between
high molecular weight aliphatic amines in hydrocarbon or other solvent
to produce gels upon treatment with carbon dioxide, to produce carbamate
saltss + IC)

R-NH, + CO, —> R-NH,-CO,

amine (carbtamate salt)

(With a sufficiently high molecular weight amine (R = c12 or higher) the
resulting carbamate salt has sufficient hydrophobic character to perait
gelation of the solvent, even in the preseace of water,)

The specific tasks embodied in the original proposal, az amended by the
specificatione in the awarding contract, included the following:

A. Investigation of the rheology of gelled o1l slicks.




C.

Included in the rheology studies were the following consider-

ations:
1. Structure/property correlations.
2. Temparature and concentration effects.
3. Optimication of gellina systeas.
4, Investigation of use with Navy Piston Film.

The awarding contract spefications further stipulated:

lLaboratory gelling studies should be applied to petroleum
products likely to be involved in Navy splills; especially
NSFO, Navy Distillate and JP~S. A gelling agent should be
selected which is most ~ffective on these fuel types.

Rheological measurements should be on pure compounds.

The influence of spill thickness on gellation effective-
ness should be investigated,

The inte_nlay between gellation techniques and other
multi-elemer’, confinement methods (water streams, piston
film, etc.) should be investigated.

Investigation of toxicity of alternative agents,

(It was established that test tanks of sea water were to be set
up with established cclonies of a fish species such as Funculus
heteroclitus. On the surface of these tanks oil slicks were to
be gelled and subsequently resoved. Blood streams of the fish

were to be sampled and compared with control populations,

Development of a test plan and recelpt of govermment approval.

Depending on favorable results in Tasks A. and B., a test plan
for a field test in Boston Harbor was to be developed and
submitted to the EPA, Coast Guard, state and municipal water

control authorities,

Investigation of practical aethods of application of gelling

systems to oll slicks.




This task was to include a determination of ptiaum methad of
delivery of the amine to an oll slick, evaluating nozgle, pumv
and similar svstems, and optimum meane of deliverv of carbon
dioxide.

E. Bullding the test systea,

F. Testing the system in Boston Harbor.

—— e ——

(Tasks E. and F. depended on the outcome of Tasks D. and C.,

respectively,)
G., H. (These tasks referred to the submisscion of reports.)

Several additional tasks and objectives developed as spin-off ramifications
during the course of the project. These included the followlng:

T. Reduction of volatility by gellation of hydrocarbons.

J. Reduction of flammability by gelation of hydrocarbons,

K. Ultra-viclet fluorescence as a means of enhancing visibllity of
gelled and ungelled oil slicks,

RESULTS.

A. Rheolqu of gelled oil 5&135%'

Cur initial efforts were directed tovward determination of an ortimum
cold weather gelling agent which would provide sufficient gelling properties
to most oil systeas down to 20° F, remaining fluid enough to apply as a
spray onto oil slicks at such temperatures. Initlally we concentratea on
mixtures of commercially available straight chain amines; a satisfactory
agent system for AVGAS 145 (less so for JP~5, Navy Residual Special Fuel
01l #6, and similar olls) was found to be a mixture of 40 g. dodecylamine,
25 g. tetradecylamine, and 4.% p. hexadecylamine in solution with 100 g.
methyl alcohol. By far the best system, however, was a mixture of 70%
dehydroabietylamine ( "Amine D", as manufactured by Hercules Corp.) ana
either 30% ethyl alcohol or 15% ethyl alcohcl and 15% benzyl alcohnl. For
practical considerations the latter formulation (vith benzyl alcoho)) was
found to be superlor for most situation:. Apparently, the atcohol Pumetinns
not only to lower the viscosity (Amine i a highly viscous 1Tjulad over

all operational temperatures; see Appendix ¢ for a dis usnion of the




properties of Amine D), but also to provide sufficient no&g;ity vithin

the hydrocarbon solution of the carbamate for the lonice H-NH2~CLd carbamate
gelant to set up in a crystal lattice with water, which is also taken up
into *he gel. In 3 number of different teszts 4t was observed that gelation
commen 3 at the water-oil interface, and that the gel frows upwan: t-om
this boundary throughout the oil. As much as half the gel, depending on

the nature of the hyarocarbon solvent, may be water; thus, on carbona'ion

of a solution of 90% aodecane and 10% nt a solution of 70% Amine [, 15%
ethyl alcalol and :-% benzyl alcohol in 4 3 mm thick film on water, a 6.1 mm
thick gel occurrea. This tendency for a floating oil slick to be uoublea

in thickness by aomixture with amine ana subsequent carbonation could be

of alstinct advantage in terms of harvesting very thin oil slicks.

Film ‘h¥iness aones not seem to be a significant factor in extent cor rate
of zelation. Varlous oils in thicknesses of 0.5 am, 1 Am, 2 mm, 3 mn, 5 mm,
ana © mm all underwent gelation at approximately the same rate for a given
oil and with 10% amine/alcohol aaditive; with JP-5 as the oil, gelation *tcok
place in less than B minutes, at all thicknesses. Even sheen appears to be
gel'ed -- althoush it is still irridescent, gelled sheen i3 very easiiv
moved around ana pickea up; it does not approach a solid state, however, as

do reasona®ly thick (i.e., 0.5 mm or greater) layers.

Water temperature is rather important for some hydrocarbons. Thus,
No. 2 Fuel 0l1 does not gel easily, and gel strength is materially reduced at
temperatures above 720° ®. aAvGas 145 anpears to be more easily gellec at
temperatures up to 80° F. (Below 70° No. 2 wuel 01l gels verv readilv.!

In an atteapt to obtain quantitative measurements of gel strengths for
various combinations of different hydrocarhons and different amine gelants,
we inittally intended to measure comparative gel strengths by comparing rates
of creep or spread of the gelled oil slick. However, al) gels were so ririd
that no creep could be cobserved in any instance. We were able to construct
a Bloom-type gelometer, using specifications provigea by the Atlantic Telatin
Co. of Wobarn, Massachusetts. Measurements were not reproducible, however,

using this apparatus.

A very promising device which we contrived for this purpose conslstc very

simpiy of & vertical mete: stick, a' the bause of which 14 placed the jer 1
be tented, and it a heipht of which of % em. 15 placst 4 spherteal stee! tal)
ol I mm dlameter., Upon aroppline the tall into the gel, vartan: acpths, ool




per .tration are achicved, depending on the strergth of the gel, which aepths
w1ill serve as an index of the gel strength., Unfortunately, tipe did not
permit the investigation of a meaningful enough number of different tvpes of

Zels to provice a lbasis for quantiative measurements.

We were able to make qualitative observations which enable us to indicate
desirable and undesirable features inkecrent in gelling agents and in the

hydrocarbon solvents.

In investigating the amine gelants, oll slicks on water surfaces were
not utilized, since some of the amine carbamates were so soluble in water
these would not have remained in the hvarocarbon, but rather woula be aissolved
into the water, lJodecane was usea as the hydrocarbon in these studies, with
a 10% solution of the amine-ethyl alcohol-bentyl alcohol (70%-15%-1%% by
volume) mixture and an aaditiona! 10% of the total volume of hydrocarbon
solution as water added ‘o facllitate gelation. HKelative to unsubstiiutec
aliphatic amines, aromatic substitutents located one or more carbons away from
the amino group provided increased gel strength. Alicyclic substitutents
{as 1n cyclohexylamine) are also conducive to gel strength. Polycyclic
structure (as is the case in Amine D and with l-aminomethylnaphthalerz) in the
selant is very conaucive to gelation and gel atrength. Olefinic character
(3.5.. oleylamine) is weakening, as 18 branching near the amino group. Primary
amines are stronger than secondary amines as gelling agents, and tertiary

amines are extremely poor.

Pur: hydrocarbons give greatest gel strengths, with multi-component.
mixtures such as i1s the case wi+w No, 2 Fuel 011, JP-S, Navy Reslidual Fuel
011 #6, etc. are less effective. Unsaturation in the hydrocarbon is an
especially desirable feature; aromatlc and olefinic hydrocarbons are superior
to saturated hydrocarbons. Chain branching and alicyclic character are
weakening. Higher chain lengths are favored over lower chain lengths. The
stronger gels were formed more quickly than the weaker gels: benzene xels
almost immediately, whereas JP-5 required €& minutes. (In each case, in
this investigation, a 12% soiution of a mixture of 70% Amine U, 15% ethyl
alcohol, and 15% benzy) alcohol was prepared with the hydrecarbon, this
floating a: a 10 mm thick slick aver water, ) “"he hydrocarbons 1nvent {pated

wers ranked qualitatively in omiar of decreasing wel Lt rangth g per

following oraer;




C .

Benzene

l-iodecene

Jodecane

Herane

Cvelohexane

Sy & "rimethylpentane

AVGAS 1uS

Ne 2 suel 011

.T}t,o’

Navy Ueifcual Special vuel (11 #6

{#xzent tor Naov Hesiaual dpeclal Tuel 0i) #6, all the hyvarocarbons 1listed

above gave Satisiartory gel strengths In terms of indicated abllity to be
harvested in t¥piial harber ovr ocean condltions, l.e., much more reaniiy
tran *he unge) inc hvoro2arbon. Navy kesadunal special Fuel) 0i) #6 was
golied o soxe ex'ent, but it was sufficlentiy highly viscous to begin with,
so *+hzt 1* would preguaably be aifficilt to impart to It any significant
increise ir tenacitv. Because of its verv high viscosity, it was extremely
éif€i 41t te produre a homogeneous solution of the amine gelant with tnis oll;
una+=r any cencetvable harbor or oceanr situation this would not be at all

pra~tical.

“h: ir*é'ylav between gelation techniques and other multi-element confine-
p2nl methods was investigated. yn a laooratery scale, !t was found, as we
expected, that the clumps of gelled oil could be moved arounu very easily
using either alr or water jets, and by the same techniques directed into
any position. un both laboratory and fleld test scales (for the latter, see
ser*ton v. of this report), the alcololic solutions of Amine i) were found
totally compatibie with Navy Piston 0l. Film: zel fcormation occurred without
arparent inhibition when Piston 011 ¥iim was mixed with the amine prior o
spraying over o'j slick s -7gces: and "loose" (ungelleq) oil mixed wi*h
geliea oil was succeisstully herded by aoplication of minute amounts of Plston
11 Flla.

H. }nvestiqatlon ol 1oxiclitiy of Amine D to marine organisas.

This study was perforaed 1in toto bv workers a*t slas Mescarch laboratories,

Initially, the toxicity stuc'es were begun using the mixture ot dodecyl,
tetradecyl, 11 hexadecylamines cited in section A. of this report. ™his awen®

wWas abandonded, however, when we asrer‘alned carly in the overall inves*igation
that Amine ' solations would be the mo:' promisineg Aapvnts ! *hone stualer oy,




*o that time., and all marine organiasm toxicology studies were performea
u:ing Amine 1 with enough ethy] slcohol to provide suffilciently low
viuresity., (Vhe supsrior performance provided by admixture of benzy]
alcohol to the Amine o ~ ethyl alcohol mixture was nd ascertained unti|
wrll after the Amine |) toxicology mtuaies had commenced. Therefore, it
wan no'. connldgeread teauible to recommence the studlies using the benzvl
aleohn) aniitive) noresover, the slight toxicity that micht be impartet by
tha henzv! slecohol Lo the mixturs, by i+'self, was felt to be detrimental

Lo the Ynterpretation of extent of texirity of the Amine ».)

"ha {inal raport provided by the sias Hesearch [aboratery unit ig
fncluded An thin Heport, ar Appondix K. Hy way of brief summary of the

torirolnpr: ntuntes, the following tacts ware ascertained;

1. Amine« by $tre)!t 46 of about the same or perhaps slightly areater
toxicity than No. ¢ Fuel 01l mlone, with synergistically greater
t*hourrh not mach po) toxicity of mixtures of Amine U and No. %

Fuel 011 relativa to the toxicity of the oil alone,

b ¢« “he di)u*ton etfects provides in any conceivable operational
situation, 1.e., in water depths of more than two feat, woula
anmpletely #lipinate any toxicity effect, exerted by the amine,

{""he amine i extremely insoluble in water.)

Y, FKvap in the cuya of very shallow water operations (l.g.. with a

watay columan of leu; than two teet), toxic effaects could be
acceptably redurced i1f clean-up operations weres to ensue in a
reasonablvy short time interval (i.e., within an hour or two)

aftur application of the amine to a floating oil slick.

4, ¥asentinlly no greater toxicity harard 4s posed by the use of
Amnine D than is posad by the existence of the oll slick itself.

&

llavalopment of a tewt plan aml recalpt of governmeni approval.

e man . ey e - mew . %o e e PR

A masiar Tant Plan (sae Appendix B) was prepared by the JBF Sclentitic
Cornoretion tor u field twat in Honton Harbor. As orifinally prepared, no

provinton wan fncluded tor uge of the amine pal ling agent; this was to bw

provided by amepdment, panding the ava¥lab) 13ty of tavaratle torden)opy Data.




The changeover from toxicology studies on the dodecyl-/tetracecyl-/hexa=
decylamine system to the Amine {) system posed one element of delay, however,
Moreover, the relatively low toxicity indicated by the manufacturers of
Amine 0 lea us to assume initially that there would be insignificant marine
organism toxiclity apparent at the onset of the stuaies. The extra effort
ana time required to demonstrate conclusively that the operaiional hazaru
would indeed be insignificant made it clear by summer that the incorporation
of toxicology data sufficlent to ensure government approval of use of the
Amine U agent woula be infeasitle, at least in time to ensure an autumn

test in Boston Harbor.

Accordingly, we requested and received permission to perfora the field
test in the Bk test tank at the new JHF Corporation facilities in wWilmington,

Massachusettis.

L. Investigatior of practical methous of application of gelling systems to
oil slicks.

*or laboratory scale studies of methods of applicatiun of the gelant to
oi] slicks, an eight-foot diameter plastic swimming pool was set up. A 40 cm,
boom was floated in the pool, inside of which hoop was placed the oil to
be gellea. (See Figure 1, page 12.)

tur first effort involved the use of a simple garden sprinkling can,
from which we applied as uniformly as possible the requisite amount of Amine p
solution to the oil to afford (usually) a 10% solution of the Aailne I mixture
with ethyl and benzyl alcohols (70% Amine D, 15% each for th= alcohols) in the
oil. (Thus, a 7% amine solution would be afforded.) The success in attaining
a good uniform gel by this technique is shown in Figure ¢ (page 13).

fncourared by thrse results, we then turned to a vaint spray gun as a
prototype spraying device for applying the amine. In the reservoir of the
sprayer was nNlaced the requisite volume of Amine ) solution. C02 gas was
then released through the spraying apparatus, in either of two modes;

(a) As a propelling gas, forcing the amine contents through the spraying
nozzle by being led into the reservoir itself. This was the most
efficient method, in terms of pressure required and spray droplet
8ize. MHowever, the carbama‘ion of the aminc in the resarvoir

proceeaei quickly and thorourshiy enough that withir a tew nacond:.




Flgure 1.

A, A solution of 35 al. Aaline D, 15 ml.

benzyl alcohol, and 3%U ml. No. 2 fuel B. 3ix minutes later; gellation

o1l (total volume, 378 ml; 7% Amine 1)) is complete.
placed within 40 cm. diamter hoop. 0 g.
powdered )ry Ice was then applied.

(. Gel strength is gufficient to permit
removal of hoop; #elled o1l dors not
sprean,




-

Figure 2.

A. 340 ml. No. 2 Fuel Oil is being B.
sprinkled with solution of 35 ml.
Asine D, 17.5 al. beneyl alcohel,
and 17.5 ml. ethyl alcohol.

C. Six minutes after amine treatment,
gel is essentially completely formed,

Hooped area (40 cm. diameter),
2 minutes after treatment with
30 g. powdered Dry Ices« Cel
is beginning to form.

D. Gel strength is sufficlent to
perait removal of hoopi gelled
oil does not spread,




the nozzle orifices became plugged up bv the semi-solid amine
carbtamate (formed by the reaction of the amine with the nropellant

20, ras!.

(t) with the ¢, mas bypassing the reservoir, drawinge up the amine
solution by suction (the Venturi orinciple!. Tn this modge, the
amount of pressure requived (in excess of S0 psi) to effert pickup
of the amine solution causea the formation of a tog of very fine
1iquia avople*ts in the spray. This was an adverse effect for two

Ireasons:

(1) Ever verv slight wina velocitles in the saraying area were
sifficlent to blow the spray otf the desires snrav pattern;
1t was determined tha* less than one fourth of the desired
quantity of amine intended to be oelivered to a given oil
slick area actually landed on that area, even unaer ideal

ronditions. larger llguid drop sizes were required.

—~

2) Most importantly, the amine solution in this fog form
posed a severe choking problem. It is concelvable that,
desplte the low toxicity of Amine D, a very serlous health
problem could result from use of Amine D fogs. (ne possible
explanation of the choking character of the fog could be
formation of Amine U carbamate upon respiration of the fog
into the lungs, by reaction of the amine wWith UUZ in the
lung, and clogging of the alveoli in the lung by the gummy
varticles of the carbamate., For this reason, it is
recommended that amine solutions NOT be applied as fogs.

Another aevice with which we experimented was a 35 1b, fire extinguisher of
the 002 type, in the horn of which was inserted a Devilbis atomizer (of the kind
used for throat spraying). Pressurized nitrogen (25 psl) was used to spray
the amine solution through the atomizer into the horn of the extingulsher, which
was simultaneously activated, releasing solid and gaseous co, intermixea with
the amine spray. Excellent results were obtained for up to a half minute of
spraying, indicatineg that the Amine ) coula be sprayea onto the ol slick as

the pre-tformed carbamate and stil] proauce gelation of the hydrocarbon oil

- e




slick. However, the cold frozen 002 in each instance caused eveniual freeze-up
in the atomizer of the Amine D solution. Moreover, the amount of CO2 required
Tfor this type of operation was astronomically large: a tvpical experiment

would utilirze 35 pounds of CO, in the extinguisher to mix with 4 1b. of amine

) solution. ‘
The fact that the carbamate could be preformea and then applied to ‘he

o'l slisk and s111) obtain gelation enrouraged us to exveriment with Amine D

cartamate (which is a @ummy white sSo0lid) by itself and in varisus solutions.

We were uniformly unsuccessful in this, although ve are s-111 working on this

possivility, since it would obviate the requirement t»r carrying C()2 in any

form on the recovery craft. With the Amine !) carbamate {tself, the gummy

character of the splid prevented any reduction to fine pa—ticle form, which in

turn would be necessary in order to achieve good homoreneous distribution in

an oil slick, “"he amine carbamate 1s reasonably solubl: in such protic solvents

as methyl and ethyl alcohols, ana also in UMSO. However, +hese solvents tend

to carry the amine solute intg the water rather than into the oil slick. Although

the carbamate then re-precipitates (on contact with the water), the solid

carbamte in the water has 1ittle if any tendency to mix with the overlying oil.

Our earlier success with the gravity fed garden sprinkler thus brought us
back 1o this type of svstem, with the one modification of providing a means of
vressurizing the amine solution so that a greater area of application could be
realjzed. After attempting to construct some laboratory prototypes, all of
which proved unwicldly, a 3.3 gallon Chapin No. 139 hand pumped compressed air
garaen snprayer was selected as being acceptable for use in field test

operations. Fipure 3 (page 17) illustratas the use of this sprayer.

F, gpilding_ibe test systenm.

(See discussion lmmediately above,)

F. ‘resting the system in the JBF test tank (vice Boston Harbor).

- e S e v - e —

As indicated in the discussion unuer C. above, it haa proveq infeanitcle -
arrange a test of the system in Boston Harbor, as han teen providea in ine

original proposal, and accoruingly we hax requested any receiveu permission <o
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perioia v fiela test in Lhe JBF tes! tank at wilmington, Massachusetts.
Por this test, scheduled for 20-21 september 1976, we were requested by the
NKL Heientifir (fficer to achleve the following goals (cerrespondence of
27 July 1976): (see Appendix E)

(1) Determination of the feasibility of in situ oil suvill gelation usinr

the develovred amine carbamate approach under fleld ~oncditions,

(2) wvaluation of the effectiveness of devices for apnlylng zelation

areants,

(3) Stuaies ot th= ability of oll-spill removal systems to harvest the

gelled petroleum oil.

{4) Determination or the possibility of preaixing the amine and C02 prior
to thelr contact with the floating oil and the properties of “he gel
produced by such a procedure.

(S) 011-coilectine agenis (Pis‘on Film) will be used to confine some of
the test spills to determine the advantage of preventing spreaaing

of the spill prior to gelation.

For the test operatlion, the test tank was boomed off into two smel)l and two
larege quadrants. The sequence of events for each of the quadrants utilized
in the test operation is provided in this report as Appendix D. (Note; the
optional nighttime fluorescence test was not performed.) A discussion of

each of the phases of the test operation follows.
I. Small quadrant test; (see Pigures 3, &4, 5, 6, %7, pp. 17 - 21)

A. Sequence;
1. Apply 2 zallons of Diese] fuel to surface of pool.
2. Apply small quantity of Piston 011 Film to assist in containment
of slick.
3. Spray 0.3 gal. (making for 198 vol./vol. concentration) of
solution of Amine D (70% v, 15% ethyl alcohol, 15% benzyl
alcohol) on aurface of slick.

4. Apply powdered Dry Ice. Let stand for 5 minutes for gelatioa.

S. Recover gelled slick using sieve,

6. Apply Piston FYlm to any residual uneelled oll.
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I. P. Cble~tives,
1. Uemonstrate spraying technique and subseocuent apvlication of CO,.
2. Ulemonstrate compatibllity of Amine u system with Piston Film.

3. remonsirate sieving technique for harvesting of gellea slick.

C. Results:
1. Yomogenzous application of Amine D to oil slick was achievea

usings the soray technique,

. tiston Film did not in*ertere with subsequent anplication of
amine or with gelation results. As shown in ¥igure ? (page 2])
0il ~hen added to gelled oll was then treated with smal!
amoants of Piston Film; both oil)l anda getlea oll were successfully

“herded"” using this technlaue,

3. Steving is a viable technique for harvesting of zelled oil.
11. Larfe quaarant tes<; (see Figures 8, 9 and 10, pares 2?7 - 269)

A. Sequence;
1. ApPPly S gallons of previgusly mixed No. 2 fuel oil/Amine ir solution

{4,1 gal, oll and 0.7 gal Amlne D solution, for a 15% concentration

of the amine solution, and a 10% concentration of amine}.
. Lust wilth powdered Ity Ice.

*. Harvest with DIP.

B. Objective: to demonstrate harvesting technique ana compatibility with

UIP craft,
C. Jomments: »remixing of oll/amine solwtion was necessary inasmuch as

the spraver would not reach all dimensions of the large quadrant.

D, Kesultsy

Prior to this test, a simllar test was performed using ordinary

o1l (dyea red for greater visibility; see ¥igure 8, page 231). Using
the LTP, approximately 1 hour was required to recover al] that was
feasibly recoverable, 1.e., about 90%, of the 30il. AS is ~he rase
in any ungelled ol situation, the tenaency of *he 411 wr irife

burk over clearea areas conslderadly complici‘e, ‘he harve.ving !
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meaningful quantities of the oil.

As shown in Figures 9 and 10 (pages 24 and 25), zelation of the
oll renders the oll reiatively immobile; thare is little if any
tendency tor the gelled oil to drift back over cleared lanes,
and littje if any tendency for the pgellea ol]l to move away as
the recovery craft approaches, Moreover, the visibility of the
gelled oli is very consliderably enhanced, due to the white color

of the pel,

ADDITIONAL OBJECTIVE: AND TASKS UEVELUPED DUHING THE COURSE OF THE INVESTIGCATION.

In adai*ton 1o the obiectives and tasks discussed above, several new avenues
for research efforts along the lines of the project opened up during the

course and as a result of the project research, These are discussed below.

1. Reduction of volatility by gelation of hydrocarbons.

¥arlv in our project work we observed, qualitatively, a rather marked
decreare in evaroration rate of the more volatile hydrocarbons being tested,
when these had bdeen ge)led, relative to the ungelled hvdrocarbons. This
observation was noted in our first two project reports, By correspondence
dated 1 March 1976 (see Appendix E) the NHI, Scientific Officer noted that
such an effect could be of importance not only in terms of immobilizing
apills of flammable jet fuels and gasoline, but also in decreasing the hazards
{vapor and fire) attendant with such liquids, and encouragement was given to
further tests along these lines,

Accordingly we devised a crude but effectiva volatility measuring device
which provided remarkably good reproducadbility in the variouc tests performed
in this modifi~ation of a wind tunnel; see Figure 11 (page 27). Within the
tunnel was placed two dishes containing equal amounts of water, on which was
floated equal amounts of a given hydrocarbon, one sample being gelled with a
10% Amine D/ethyl alcohol/benzyl alcohol solution and *he other sample being
ungelled, A fan controlled by a variable transformer blew cnntrclled rates
of alr over these samples, the wina velocity beline meanured by an anepopster
at the other end of the tunnel. At ane: minute Intervile the dinbnng were

removed and weighed tn detearmine welpght loss of hydrocarbon by evaporatlion,

=26 -




Wiprure 11.

Volatility Measuring hevice
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1nitial water temperatures were ectablished at 20° ¢. (68° F): varying
amounts of coolinr occurred during the evaporation tests, depending on
the volatiiity of the hydrocarbon beiny tested; as would be anticipated,
the ungelled samples cooled more than the gelled samples, which underwent
less evaporation. On this basis, i1f congtant temperatures had been
maintained, 1t would be anticipated that the ungellea sampies would
evanporate even more rapidly than the glled samvles, than was observed

in these tesis.

Using a pure volatile hydrocarbon, cyclohexane, and with a wind velocity
of 707 feet per minute (about 7.5 knots), a loss of 18.0 g. of ungelled
cyclohexane was experienced in 17 minutes, compared to a loss of only

5.8 g. of gelled cvclohexane in this same amount of time. With AVGAS 145,
unpelled AVGAS evaporated almost exactly twice as fast as did gelled AVCAS.

J. Reduction of flammability hqngglation of hydrocarbons.

hased on the foregoing investigation of volatility effects, it was
attractive to investigate the possibllity of reduction of flameability.

(ur initial studies tended to indicate that very drastic decreases in
flammability, far more than should have been anticipated (from this
position of hindsight), were %eing afforded by gelation of materials such

as gasnline,

As an example, in the teat operation at the JBF facilities on 20 - 21
September 1976 (see Appendix D), the following scenario was proposed:
111. Flame suppreasion test:
A. Apply 1 mm film (79 ml) of ungelled rasoline to surface of
10 ft x 1" (deep) x 1" (wide) troush filled with water.

B, Ignite downwind end of trough and time spread of flame down

trough.

C. After fire has burnea out, apply 75 ml of 85% gasoline =
15% Amine D solution to trough, Dust with powdered Dry Ice.

D. Set fire to downwind end of trough; sellea film probably will
not ignite oxr wil)l burn very slowly down length nf traugh

if ignition does ocrur,

~28..
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As set up, the scenario worked perfectly: the ungelled gasoline burned reaailly,
requirings about a second or less to swesp down the trough; and the gelled
gaBoline did not burn at all, even when pieces of ‘he gel were exposed to a
blowtorch flame while in the trough (a2lthough, when removed from the surface
of the water, slow burning did occur).

Imbued with the success ot this experiment, the Principal Investigator then
repeated the experiment using a little over 200 m]l of gascline-Amine N soultion,
thereby oroviaing a 3 mm film of gelled gasoline after treatment with the dry
Ice. On applyinz a match to this trough exvmeriment, the pelled gasiline burst
into flames vhich rapldly spread down the trough,

The NRL Sclentific Officer, Dr. farrett, suggested a probable reason for
the anomaloua behavior, this being that thin films of gasoline (ca. 1 am
thick) over water tuirn less readily, anparently due to heat exchange inteo the
water, than do thicker films of fuel.

It should be noted that the 1 mm film of gasoline (ungelled) did burn, and
the 1 mm film of gelled gasoline did not; this in itself could sugzest that
thin filmas of volatile flammable flulds might be gelled, feasibly, to
suppress ignition, Moreover, a series of tests performei subsequently on a lab-
oratorv scale (see Figure 12, page 30), indicate that perhaps gelled fuels
burn more slowly with less intensity than do ungelled fules. Finally, the
decreased volatility of gelled hydrocarbons suggests that the flame hazard in
+erns nf nearby sources of ignition coula be significantly reduced bv gelationg
future work along these lines is proposed in the next section, dealing with
“Recoamendations for Future Work".

K. Ultraviolet fluorescences as a seans of enhancing visibility of gelled and
ungelled o011 elicks.

This work was not carried to a completion in terms of obtaining fully
quantitative results. The results were promising enough to indicate that further
work should be performed; again, this will be discussed in the next section.

Using a sample of a bottle labeld 'Venezeualn Crude 011" found in one of
the store roome at this University, a thin slick of tha 0il was applied to a
saall pool, and the siick 1lluminatod by both short and long wavelength 11V
25 nm and 366 nm). Some fluorescence was noted at the lony wavalength
{llumination, but probably not enough for operatlional use. Hao, 7 Fue) U3] and
oimilar refined, distilled stocks yielirnt even 1ss:; fluorencence, thouyh Lhere

vas some 1n every instance,




Figure 12. Flane tests;
0 -— - —
. ]
| &

A. Dish at left contains ungelled B. Ungelled gasoline in dish
gasoline, burming with greatsr at left is begimning to
intensity than ths gelled burn out; gelled gasoline
gasoline in dish to right. is burning more slowly.

C. The ungelled gasoline has burned out;
gelled gasoline continues to burn.




It was found that application of an oil soluble fluorescing agent (3'5"
o1l soluble Rhodanine B) in mlnute quantities producea, as would be expectea,
very visible fluorescence even with the low level long range UV light source

which we utilized.

CONCLUSIONS

Laboratory tests indicate that a solution of 70% Amine 0, 15% ethyl alcohol

and 15% benzyl alcohol when applied to a concentration of about 10% to oil
slicks gave excellent gelation of the 01l after treatment with powdered Dry

Ice. With the exception of Navy Hesiaual Special Fuel 0il #6, all hydrocarbons
testea were successfully gelled; these included a variety of pure hydrocarbons
and such important mixtures as JP-5, AVGAS 145, No., 2 Fuel 011, Diesel fuel, and
similar items of commerce. Fllam thickness does not appear to be a significant
factor; hizgh water temperatures (above 80° ®.) glves poor results for some
hydrocarbons, bit over most operation+]l temperature spans temperature dnes not
appear to be important, nor does salinity. Larper scale fiela tests confiram these
results, and indicate that gelation of hvdrocarbons Ly this process offers very
significant advantages in the recovery of the floating oll slick. This is
particularly the case in terms of the ease of pick-up of the gelled oil; the
immebilization of the oil, which tends to keep the slick from drifting back over
previously cleared areas; and the greater visibility of the gelled slick. 011
&elled in this manner can be very easily harvested using conventional UIP craft

or even by nets or sieves, manually aperated.

There is a low order of toxicity associated with the use of Amine U, in terms of
exposure of marine organisms; however, this is of the same order of toxicity as
is that of the oil slick in which it would be distributed; with water depths of
more than two feet, the toxicity problem is negligible,

There is a significant (ca. 50%) reduction in evaporation rate of gelled, compared
with ungelled hyd-ocarbons., This factor would be important in terms of reduced
vapor hazards and perhavs fire hazards,

Ultraviolet fluorescers as additives to the gelling agent or %o ke o) olink
itself were studiea and round to have promicse in <erms of vroviadng Ancrege,

visibility for nighttime operations,
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RECOMMENDATIOND FCH FUHIHEK WCRK

Based on the results of this investigatlon, the following topics appear Wworth

of further research and development:

1.

r{eld test at sea or in open harbor, using the technology developed

in this investigation.

Design and manufacture of prototype equipment for use in DIP craft

for anplication of amine ard CO2 to oil slicks.

Development of a solubllized Amine D carbamate (i.g., Amine ) pre-treated
with COZ)' thereby obviating the requirement ror Dry Ice or other
means of carbonating the Amine > after it has been applied to the slick.

Use of a hydrozenated derivative of Amine [) (whereby the aromatic
ring would be reauced to a cyclohexane ring) which could be expected to

a lower freezing point ana lower toxicity than the Amine U itself.

turther study into the possibility of using Amine 1) or other amine
gel1ing agents to reduce volatility and vapor and fire hazards posed
bv volatile hvarocarbon spills.

Use of tluorescing agents to improve visibility of gelled or ungelled
o1l slicks.

Research proposals based on these concepts are being prepared for submission

f'or consideration.
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APPENDIX A

ACUTE TOXICITY OF HERCULES AMINE-D

(Prepared by Sias Kesearch laboratory, lahey Clinic Foundation)

Note: some of the pages of this
Appendix are incependently

i rusbered, or have no page

numbers. Collectively, these

pages comprise pages 33-42

of this overall HReport.
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Acute Toxicity of Hercules Amine-D

In an attempt to determine the nature of the toxic substance or substances
in Amine-D and #2 fuel o0il mix, several experiments were conducted. Using the
barrier tauk apparatus described in our previous report (see attached), one ml
aliquots of #2 fuel 01l with 3% ethanol added were mixed with artificial sea-

water to make up one liter final volume. Any one of five Fundulus heteroclitus

taken from the holding tank was checked at random for normalcy and the other

four were placed in the test tank. At the end of two hours the fish were sacri-
ficed, and blood from the caudal artery was analyzed electronically. Standard
slides for microscopic evaluation were also made. Differential blood counts and
photomicrographic images were prepared from each slide., Figure (13) shows a
photomicrograph taken of a blood slide from a control sample fish (swimming in

a barrier tank in one liter of artificlal seawater. Figure (14) shows the change
in the blocd cell population of F. heteroclitus subjected to 970ppm of #2 fuel
oil in artificial seawater for 2 hours. Our previous work showed that F. heterp-
clitus specimens were able to withstand 5-10ppm of Hercules Amine-D (solubilized
with 3% ethanol) in artificial seawater for 24 hours without exhibiting any un-
toward reactions, and that they could withstand the mix of the Amine-~D, ethancl
and #2 fuel oil in low concentrations 10-20ppm in artificial seawater for 24
hours. In this latter case, however, the electronic monitoring showed that the
blood cells had been altered. 1In our firal experiments, thercfore, we stressed
the system and locked at the acute toxic effects of the Amine-D/ethanol and the
Amine-D/ethanol plus #2 fuel o0il mix in 668ppm concentration and 56ppm concentra-
tion respectively.

Differential blood counts done on all samples showed that the erythrocyte:
lymphocyte: thrombocyte: granulocyte ratios did not change significantly. The
electronic patterns and the optical microscope observations showed that the
erythrocytes were effected, moreover, fish on both sides of the barrier which

keeps the insoluble chemicals available to only one half of the fish in the

B i e i e TR




L

-2 -

sample were effected similarly, thus indicating that the toxic chemical or
chemicals are seawater soluble.

Table 1 summarizes the survival data and the chemical insults that test
populations of F. heteroclitus were subjected to. Amine-D was added directly
to the blood of F. heteroclitus as a second type of control. Amounts of
Amine-D in saline ranging from 33ppm to full strength were used. All blood
cells were altered regardless of the concentration, however, the effect was
similar to the results seen in Figure (14), viz. an elongation of the blood
cells with little or no cell membrane damage.

Acute toxic reaction in fish swimming in artificial seawater containing
ethanol, Amine-D alone or in combination with #2 fuel oil effected the blood
cell membrane in a manner similar to that seen in chronic copper (II) toxic re-
actions. The surface of the membrane loses its selective permeability and
spots appear fairly evenly distributed over the cell surface. A difference be-
tween the two reactions does exist. In the case of the Amine-D reaction, the
ratios of the formed elements in the blood do not appear to change. This indi-
cates that the mechanism of action is different from that seen in F. heteroclitus
subjected to copper (II) ions. The lethal interval also is interesting for Amine-D
toxicity because it suggests (when combined with earlier data) that the soluble
toxin 18 in the Amine-D and may be a contaminant. We have a minimum of informa-
tion sufficient to relate the lethal interval to the Amine-D concentration re-
gardlees of whether the amine 1s combined in a gel, in a free mix with #2 fuel
oil or solubilized in a small amount of ethanol follows a relationship which can
be predicted form Graph (1). Amine-D concentrations of less than 20ppm appear
to be able to be handled by the fish as easily as the fuol oil itgelf and, in
fact, cause alterations in the blood similar to that seen in Figure (14).

I1f, as we conclude from the data, it is a soluble contaminant in the Amine-D
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that i8s causing the observed toxic response, then further testing will prove
the fact. Regardless of the toxin, however, in Amine-D concentration levels of

20ppm or less can be accepted as safe. The concentrations of Amine-D used

to incorporate into an oil spill at sea will be mixed with a volume of water
sufficient to lower Lhe concentration of the toxin to a safe level at less than

2 feet below the seawater surface even under the condition of no mixing.
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Fig.13. Normal red blood cells show the characteristic eliptical
shape ard suwooth, rigid membrane. Nuclei in these cells are not ac

clearly defined as those in the experimental cells.
‘ll" "’-h

~— e

Pg. W Red blood colly from fioh cxposcd Lo the el Lo wixture

show larye deviations 1o cell width, wilh wmost el Letng much
narrower than normal.




boa.15. Huclei appear to project from the cells (A) and shedding of
tiw oytoplasm (B) is evident,

Fig 6. [.ulated nuclei (A) of red blood cells; some cells show a
oo ot cytoplasm exhibited by clearing rings (8) around nuclei.




F1g.17. Cytoplossio wembrdanes Shiow breaks and
i RBE S from the oi b, A e/t e Cvpoprimer e

fig. 18 ced blood celte fyom tr hoexpe e Ly oamine /78 LOH show a
leos af vigidit, of the CytopTama e (A) and nad Jog (0 menbrane,
Feidand prugectiong uf the mesboarane v 1 pouedopods (C)
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APPENDIX B

TEST PLAN FOR EVALUATING AND DEMONSTRATING

JBF OIL SKIMMERS IN BOLTON HARBOR

(Prepared by JBF Scientific Corvoration)

Note;s Some of the pages of this Appendix
are independently numbered of have
no page nuabors., Collectively,
these pages comprise pages 43-50
of this overall Heport.
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JBF SCIENTIFIC CORPORATION

TEST PLAN FOR EVALUATING AND DEMONSTRATING
JBF OIL SKIMMERS IN BOSTON HAR BOR

The conditions which will be fulfilled by the test plan will be in accordance

with Section 110. 8 of Title 18 of the Code of Federal Ragulations as {ollows:

Paragraph L. c. The purpose for discharging oi) into the navigable waters
of Boston Harbor is to establish better methods and
proccdures for operating in actual oil spills so that
more rapid and efficient methods can be utilized. The
results of the work will be published by the U.S. Navy
and American Petroleum Institute. Copies of these
reports are distributed throughout the country. A copy
of each report generated will be given to EPA so that
the information can be further distributed. Finally,
JBF will publish the results in technical papers which
will be presented at national and international oil
pollution confercnces. Without tests which discharge
oil, it would be impossible to develop the type of infor-

mation needed to improve the ntate of the art.

Paragraph 1.d, JBF Scientific assumes all liabilily for any personal
injury, property losses or environmental damages
resultein directly or indirectly from any testing or
demonstration program, and for all costa, including
costs or damages resulting from cancellation by the
Administrator or failure by the Administrater to

cancel tests and demonstrations.

Results of any testing or demonstration program shall

be made available to the Administrator.

Paragraph 2. a, The work plan for the tests and demonstration pruposed

is contained in the following sections.
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JBF SCIENTIFIC CORPORATION

(1) Description of Equipment to be Tested

Four models of JBF Skimmers will be tested during the period August 1,
1976 through July 30, 1978. A description of the concept and of the indi-

vidual models that will be tested are shown on the following pages.
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THE DIP CONCEPT
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Dynamic Inclined Plane (DIP)* skimmers are based upon the concept of
collecting the oil under the surface of the water, thus greatly reducing the
effect of waves. As the skimmer roves through the water, or the water
moves past the skimmer, the oil is forced to follow the surface of a moving
inclined plane to a collection well underneath the skimmer. Buoyant forces
cause the oil to surface in the well, forcing water out the bottom. As the
oil collects, it is pumped off to storage tanks. Separation occurs automat-
ically and virtually no water is collected.

The moving plane is a heavy-duty conveyor belt which carries oil and
sorbents down to the collection well. Recovery is in excess of 90% of the
oil-sorbent mixtures presented to the skimmer mouth,. in cne pass of the
unit and in the presence of waves. A set of rigid articulated sweeps is also
available for attachment to the bow of the skimmer. These sweeps increase

the "effective mouth width'' and, hence, the oil collection rate by a factor of
three.

Unique features of the DIP skimmers include:

. the ability to harvest any floating material, including debris
and sorbents, without changing the skimmer configuration

® automatic oil/water separation so that the recovered oil is
virtually water free. No water is added by the pickup process.

e a rugped, long-life belt, that uses natural forces to transport
the oil to the collection well. No absorbent, or flow-through,
principles are required.

[ skimming may be performed at speeds, or in currents,
between 0 and 3 knots

. excellent performance in waves since the oil is collected
under the skimmer

Patents pending

collected oil

oil film
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DIP 1000 SERIES .

These units were designed for use in restricted environments, under piers
and between nested ships, in either a moving or a stationary mode. They
are effective harvesting oil inside a containment boom, as a link in a boom,
or operating outside the boom.

The units contain twin propulsion, a moving plane, a collection well, and a

pump to transfer the oil from the skimmer to the picr. A 25-foot long wand
is used to guide the skimmer through the slick and the oil is pumped ashore
through the same wand. A remote control box provides the capability of

turning the belt, pump, and propulsors on and off. These uanits are air
operated,

DI 2000 SERIES

This series of skimmers is dutigned to be used 1n either a sweeping or
stationary mode. They cre highly rugged, portable, and can be trailered
and launched guickly. They can be moored in a river or bay, where wind
and current bring the oil to the skimmer, or strapped to the side of a vessel
of opportunity and used in a sweeping mode. When operated with a support
vessel, they are effective in 3-foot waves. Units are available with either
electric or diesel power.

DIP 3000 SERIES

This serics fills the necd to.- a general-purpose, fully self-contained skim-
mer to recover a wide range of floatables under conditions typically encoun-
tered in calm and rough waters. The units are diesel powered, twin screw,
and all pumping, propulsion, and belt functions are hydraulic.

DIP 3001 units are 25-f« :t long and have a total onboard storage capability
of 1400 gallons., Operation is highly effective in waves to several feet and
at speeds to 3 knots.

The DIP 3003 is larger than the 3001 and is designed to operate in more
severe wave environments. It is 35-fcet long, has a d: eper draft, larger
freeboard, and can storc 4000 gallons of oil on board.

DIP_4000 SERIES

This series of skimmer: has becn designed primarily for unmanned skim-
ming in high waves.

The DIP 400) is a 26-foot long, diesel-hydraulic, skimimer that can be
operated manned in low sea st.tes and vnninned in high seas, In the un-
manned configuration, the skimnuwr is towid astern and to the side of a
large support vessel. An urnbilical betwceen the skimmer and the support
vessel is used to transmit control signals to the skimmer and to pump
recovered oil from the skimn.cr to the support vessel for storage.

The skimmer can actively (under power), or passively (rudder only),
change its position, with regard to the support vesscl, to allow the
skimmer to follow the edge of a slick or a long windrow.
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DIP 1001
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DIP 3001
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Typen of Oil to be Discharged

Soyhean Qi1

Soybean ofl will be used to simulate the light {ractions, like No. 2
fucl ofl, It in & biodegradadble natural oil which has been used in
oil boom evaluativne by Johns Manvalle and the U, 5, Coast Guard
off the coant of Florida, It was sclected by Johins Manville and
approved by the fedoeral and local authorities because it was deler-
miined to be virtually harmless to the envirornent,

Cantar 011

Castor oll is also blodegradablo, because it in o nalvral oil, It is
unsad for medicinal consumption in the hutnan Lody and is readily
digestible in animals, Alhough it is much inore expensive than
soybonn ofl, it im selected because its propertics ave much closer

to those of the ros.dual oits,

'ﬁgrhunts and Naturai Floatubles

sSorbonts will be uned to determine the effectiveneus of the various
units whon usod with nontoxic sorbents, Typical sorbents that rnay

he used aro polyurcthane foam, lkkoperl, straw, and scaweed,

Thano chemicals arc for the purpose of reducing the interfacial
tennlon hetween oll and water, thus preventing the rapid spreading
of vil, They sre also uscd to control the oil slick by spraying very
amall amounts around ity periphery. Chemicals of this type will
have already boen approved for usce by the Faviromnental Protection
Agency., Amounty used shall not exceed 2 pallons /lincar mile at

6 hour iatervale and shall not be applicd mose than 3 times in a

24 hour perlad,
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Distillate and residual fuel oils and various mixtures of each will
also be used in small quantitics under carefully controlled conditiuns,
The main purpose of using these oils will be to establish the validity

of the tests performed with the simulants.

Ouantity of Qii, Method of Discharge, and Number of Tests

There will be several test situations evalvated. These will include tests in
beo ned-off areas, tests where the oilis depluyed immediately ahead of the
unit, and tests of free slicks. The free-slick tests, however, will be run
with sorbents, straw, and seaweeds mixed with very small quantities of

bivdegradable oil (approxiniately 5 gallons).

Oil Tests in Boomed-Qff Areas

Tests in boomed-off areas will be performed by completely enclosing
an area within a boom. The floatable will be within the area, begin-
ning with very small quantities (5 gallons) and increasing gradually
to approximately 25 gallons. The small quantities will be used to
determine the effectiveness of completely cleaning up that particular
floatable., Larger volumes will be usca to obtain quantitative infor-
mation only after it has been determined that the system does do a
good cleanup job. Several tests that were run with the DIP have
shown that this procedure is reasonable. The location of these tests
will be between piers at the oid South Boston Naval Shipyard
{Anncx)., No more than a total of 100 gallons of Liodegradable

oil and 100 gallons of petroleum oil will be spilled for all

of these tests and no more than 50 gallons of either type will be
spilled within a 24 hour period. All discharges will be made in the
morning hours so that there is ample time for cleanup operations

before dark.

10
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Harbor Tests of Oil Recovery in a Skimminpg Mode

Skimming mode tests with the skimmmer underway: The floatable

will be distributed on the water surface immediately in front of

the unit between sweeps or confinement arms. These types of

tests were run with the early EPA Demonstrator, where small

amounts of oil werc deployed and harvested. If piston films and gelling
agents prove te be effective, thesce filtns will be usced as aids to confine
the floatable to narrow slicks. Petroleumn oils will be tested primarily to
establish the relationship between the bivdegradable and petroleum

oil tests. This general approach was successfully applied in the

tests on the EPA Demonstrator. The location of these tests will be
hetween the picrs at the South Boston Naval Shipyard (Annex) as
indicated on the map. No more than 25 gallons of oil will be

spilled /test/day. {

Tests PBetween Pilors

Tests between picrs at Pier 6 of the old Shipyard Annex are anti-

cipated in August of 1976, These tests will invelve the use of fuel or soy-
bean oil mixed with scawced and debris in the form of wood and nzatlural
stringy materials. There would be a total of 6 tests pericrmed ac

25 gallons per test with no more than two tests heing pesrfovimed pur
g I g P

day.

(2) Assessment of Environmental Damage

The total quantities of pil spilled arce less than thc maximum stated in thic
EPA guidelines. Practically all of the oil will be removerd by the skimrmers
being tested. Based un the guantity of cil that will be spilled and the off i-
ciencies of the devices which will be skimming, less than 107 of the test uils
will be remaining in the water. This amount will not exceed a snaximun of
2.5 gallons in a 25 gallon test. Within 24 hours less than 5 gallons would be
remaining in the water. There will be no environrmental damape associated

with this quantity of oil,

11
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(3 A copy of this docurnent is being provided to the U. 5, Coast Guard,
Immediatley following each test, all test oil regardless of type will be
picked up off the water surface. Clcanup procedures will be performed
using JBF skimmers in cumbination with sorbents that have been dernon-
strated previously. All oil mixtures will be picked up and collected in the
skimmer collection chambers. The concentrated mixture will then be
transfcrred from the well to onboard storage of a unit or to a support

vessel,

(4) Countingency for all Tests

To eliminate the possibility of causing any damage to the cnvironment

while testing with oils, the amount deployed for each test run will be

limited to 25 gallons. At no time will more than 50 gallons of oil be spilled
within a 24 hour period for éhe types of tests described in the scction

entitled "Harbor Tests of Qil Recovery in a Skimining Modc".! Based on
efficiencies measured at EPA's tow basin in New Jersey for the DIP skimmer
USN DIP 3001, 90% of all the oil will be recovered in the first pass (see Table
I attached)s Assuming several passcs, much leges than 10% will be reinaining
in the water, Deflection booms will be critically located downwind or down
current to insure that none of the oil spilled by accident will be allowed to

escape into open water.

Period of Test Performance

Based on approval by EPA, tests will begin juo Aujgust of 1976 and will extend
into July of 1978. EPA, thce U.S. Coast Guard, and the Massachunetts
Division of Water Pollution Control will be notified by telephone at lcast 24
hours in advance of all inajor tests performed in Boston's waters. Point of
contact with the Coast Guard will be the Oil Pollution officer at the COTP
Base Office.

(5) Technical Justificatioa

Thewe tests which are required in our contracts with the University of

Lowcell, the American Petroleurn Inutitute, and the Ulh, Havy will irmprove

the statc of the art and provide much necded technical data Lo improve the
design of futurc oil recovery systems and develop vaore efficient methods

for recovering oil spills.
1
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USN LI 3001 Oil Recovery System Tests

Table I. Throughput Efficiency ¥ - 2.5 knots
(Free Slick - Skimmmer Aperture = 5 {eet)

— e —q
Back Average
, Tow Belt Plate Throughput {Throughput
Taust i Spced Specd Opening Efficiency* | Efficiency®
_No. ! (knots) __(knots) | _(inche_zs) (%) (%)
I
I ; l 1 0 97
2 1 1 0.5 101>
3 1 1 2 94
SR 1 1 3.5 95
——— 1
!} KNOT AVERAGE 97
641k 1.25 1.25 3.5 94 94
9 1.5 1.5 0 103% 103%
82 1.75 1.5 0 99 99
60C 2 1,75 3.5 93 %3

_0il Collected
0Oil Intercepted

“Standard Deviation of Volumetric Measurements of Collected QOi]l Baserl
on 13 Calibration Runs is 1 6%.

Throughput Efficiency : in On. lass

’ 13
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(6) i>rovisian for Technical Documentation

Teclcical information that is obtained will be provided to EPA and all other

fed ;1) and local apencies that request it,

(7) Concurrence of State Authority

A copy of a letter from the Commonwealth of Massachusetts for similar

tests w previous years is appended.

(8) Prior Notification to the U.S. Coast Guard

The attached form will be sent to the Coast Guard notifying them of any test
in cxcess of 20 gallons. The Coast Guard will be notified by telephone of all
teuts to be performed in Boston Harbor regardless of the quantity of oil to
be spilled,




NOTIFICATION OF TESTS

SCIENTIFIC CORPORATION 2Jewel Drve  Wiminglen Mass 01487 Tel (6171 6574170

Date:

U. S8, Couast Guard

First Coast Guard District

427 Commercial Street

Boston, MA

Attn: Pollution Control Ciiicer

Gentlemen:

This is to notify you that JBF Scientific Corporation will be performing:
A. Tests in a boomed off area

B. Tests in a free skimming mode

Date of Tests:

Total quantity of oil to be spilled within a 24-hour period:

Quantity per test: Number of tests;

Location:

If there are any questions concerning the above tests, please contact
Mr. Ralph A. Bianchi at 657-4170.




THE COMMONWEALTH OF MASSACHUSETTS
WATER RESOURCES COMMISSION

LEVERETT SALTONSTALL BUILDING, GOVERNMENT CENTER

100 CAMBRIDGE STREET, BOSTON 02202

OFFICY (.Y THE GIRECTOR

u T : H
DIVISION D WATER Mareh 6, 1974
POLIUTION CONTROL

tr, Jackx <ounlon Rz J, 0.7, Sclentific Corp.
Environmeatal Protaction yreacy Teat Precadure
Regziocm 1

243 Uighlaad Avenus
Neadham {a:3hts, iassachuaetts 02194

Lear Mr. Coulons

V'e have raviewed the test plan submittad by J.3.F. Sclentific Corp.
17, 1974 for evalusting thefr oll skimmers {n Massachusetls waters,

Jabruary

we will cuncur with the test plon and have no particular qulirewments,

Clema-up of provigus tasts by this firm hay toen sa

TCM/DLC/ § §
ccg dre §

01333
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August 11, 1976

" Ralph A, Blasghi Re} PBostea Harbor
Project Dizegtor Otl $2111 Tests

JBF Sclentific Corporstion
2 Jowsl (rive
Vilatngtca, Kesseshusetta 01667

Deax Sixy

The Divislcn of Vater Pollution Coatrol has vevioved the tast plan
submitted by JB7 Seisstific Corporetion on July 23, 1976, titled:

Test Plans for Lvaluating and Dewmeonstrating
' J37 01} Skimmexe iu bostea Havber

JB7 plans to demoustzete the offectiveness of four modala of ™3P
Skimneps by spilliag and collestiog ©il {n Doston Hardez uatsrs. Blodegradadle
" netural ofls will faltially ba used for maal teets, axd fual oll will be used to
confirm the valldily of tiiase tocta. Vhe prozram will include eleansyn in bonnad
off ateas, teats fevolving vav slicks, sud tests of frea slicks, Sozbents; pistom-
fiime, gelling agents, and floeting dedris will be added to the alick during some
taats to simulate natursl conditicus,

All tests will bo {o sccordanse with Seetion 610.3 of Title 13 of
Yedezal segulatiens., JBF Scientific assumes all liabilities {uncurred s & Teswlt
of tde tasts. The Divisien will ds unetified at lvaat 14 hours f{n advance of all
najor tests,

- The test plens are epproved with the follewing conditioass

= 1s The zeswits of the pregrom will be seat te
the Diviefon. :

3. A wap of the prepesed test locatieans af the shipe
yard should ba sent te the Divisios,

. Yory traly yovrs,

Copy wvafighls o DOC 3ose ad
m m' w. M - M C. FaMahon
. Direseker
TCN/JKP/me
‘ e8t Jask cﬁdu. RPA, 240 Nighlend Avensa, Heodham Hafghis, Massachweatts 02154




APPENDIX C

TECHNICAL DATA

AMINE D™ AND DEKIVATIVES

(Prepared by Heraies, Incorporated, wilmington, Delaware)

Note: Some of the pages of this Appendix
are independently numbered, or have
nopage numbers, Collectively, these
pages comprise pages 61-69 of this
overall Heport.
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' HERCULES

TE%HNI AL AMINE D"

C
ATA AND DERIVATIVES

BULLETIN OR-132C
(Supersedes PC-122B)

AMINE D, AMINE D ACETATE 70%, AND AMINE D ACETATE 50S

AMINE D™ js 4 mixture of related primary amines derived from a modified
rosin. It can be descnbed chemically as a technical grade of dehydroabictylamine,
the Jominant wnine comprising it. Amine D readily underyoces the nsual chemical
reactions of primary amines. For use in aqueous systems, it cun be converted to
the acetic acid salt, which is totally soluble in water. For the convenience of
those who may not have facilities to convert to the acetate torm, Hercules
ofters AMINE D ACETATE 70~ and AMINE D ACETATE 308, a 70 percent
solids aqueous paste and a SO percent solids aqueous-alcoliolic solution ot this
sali, respectively.

This bulletin describes typical uses for Amine D and several of its deriv-
atives, and presents detailed information on their physical and chemical prop-
erties. Toxwity and handling precautions are also included. Indicated apph-
cations include use as surface-active agents, corrosion inhibitors, additives for
asphalt, industrial preservatives, chemical intermediates, and flotation reagents.
A separatc bulletin covers the Polyrad® series of ethylene oxide adducts of
Amine D. This tamily of products is especially cffective as inhibitors for acid-
induced corrosion, particulary for hydrochloric acid.

‘#moANICS
QEPARTMENT

eh 180888 O

I HERCULES INCORPORATED -« WILMINGTON, DELAWARE 1989Y

™
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TYPICAL USES

Asphatt Additive:

Amine D anu its acetate salt are useful antstripping agenis tomprove or pro-
1:ote adhesion of asplalts to stone aggregates used in road constriction or repair,
They are more effective for improving binding of cuthack asphilts to siliceous
nuaterials than to basic aggregates such as limestone. Generally, 0.5 ta 1.25
poteent of the amine or amine derivative is yequired, depending on tvpe of
asphalt and aggregate to be coated.

(:‘r_»gg'\_igal Intermed_i_zﬁgs

Aniine D is a technical grade of the primary amine dehydroabictybaninge, and,
woosuch is a very reactive chemical. It is used by Tercules and others for man-
Clasiure of ooctete salts. Moy other potentially usetnl derivatives (see section
Chemicel Reatvity under Chemical and Phiysicatl Properties of Amine D) can
be mude.

Corrosion Inhibitors

Reaction products of Amine D with cthylene oxide (Polyrad products) are
highly cifecti.e corrosion inhibitors for hydrochloric acid used in chemical
specialties (powl cleaners). industrial cleaning. and oil well acidizing. These
waler-soluble mhibitors are especially usetul in petroleum refinery streams for
reducing corrosion of cquipment by hydrogen sulfide. hydrogen chloride, carbon
dioxide, and organic ccids. In addition, these matrials act as detergents in
loosening and dispersing scale-forming materials pres-nt in refinery systems.
Information in greater detail on Polyrad products is avalable in other Hercules
literature.

Flotation Reagents

The acetate of Amine D is an excellent collector tor silica and silicate minerals.
It is used primartly in the beneficiation of nonmetatlic vies such as feldspar,
quartz, phosphate rock, and cement vock. It is useful alse. alone or in con-
junction with other reagents, for the bencficiation of iron oxade and other
metallic ores. More detailed information on Hotaticon appications of the acetate
salt is availuble in another Hercules publication

Preservatives

The pentachlorophenol sait of Amine D is a very effective ingredient of pre-
servatives used iy emualsion paints: wood-treating compoundst and cordage. telt,
fabric, and paper that are net eaxposed to sunlight The pentachlorophenate is
neither manufactured nor sold by Hercules, but can be readily made by hot
fusion of the above maicrials. A description of this derivative tollows.

The pentachilorophenol salt of Amine D, which is sometimes referred to as
technical dehydsoabictylammonium peatachlorophenoxide, - a dark amber,
brittic, resinons solid. Soltening point of o typical sample is 1047C specific
gravity at 20/20°C s 1.288. Vapor pressure of the penta hlorophenate s
approximately onc-tenth that of pentachlorophenol itselt. The peatachloro
phenate of Amine D is readily soluble in polar-ty pe solvents such as pine oil, and
b various aliphatic and gromatic hydiocarbony,




CUHEMICAL AND PHYSICAL
PROPERTIES OF AMINE D

Arinre 1 is 0 omixture of high molecular
weight primary antines derived from the
resie acit constituents of o maoditied
rasin. They ane nainly stabilized abietyl-
amines, the predeminant one being de-

CH,

b sdroabictylamine shose structunal con-

figuration isshowa at the right. Ty picaily CH,
Amine 1) contains around 92 pereent

total amines ot which about 3 pereent are related secondary amines. [t is a clear,
yollow, viscous Hiagud having a faint smomoniacal ordor. Other physical and

chemical propetties are shown below.

Typical Properties of Amine D

Amine D
Color, Gardner 7
Specific gravity at 25/15.6°C 1.00
Refractive index at 20°C 1.545
Tounds per gallon at 25°C (kg/l) 83(1.0)
Viscosity, poises at 25°C 87
Flash point, °F (°C) 378 (192)
Neutralizatinn equivalent 316
Secondary amine content, % 3
Total amine content, % 92

S_(_Lll}_b_i!i!)f — For all practical considerations, Amine 121 insoluble in water.
For example, soiubility in water is less than 0.5 gram per 106G grams ol water
at 100°C. However, it is soluble in commeoen orearic solvents, inclading alcohols,
ethers, hydrocarbons, and chlorinated solvents. For use inwater or with aqueous
systems, the amine can be teacied watly geetic acid to {orm 5 watersoluble salt,
Hercules offers the acetate salt of Amine D as a convenience to users who prefer
t purchase rather than make the sslt themselves.

Stabiliy to Heat and Storage - Anmiac D is quite sbable to Eeas bejow 101 e,
Above this temperature, gradual decomposition occars and mcreases as the
heating ttime and temperature are nercased. | s s thustrated by the Jolowing
data, on page 4, oblained on a typical satple of Amine 1),

OR-132C
Page 3 of &
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Time of Heating Temperature, Weight Loss of Amine D
(days) °C During Heating, %

1 100 1.1
3 1CO 2.2
7 100 a2
1 160 10.5
3 150 18.
7 150 35.4

7.5 hours 203 14.9

The viscosity of Amiie D decreases sharply with increase in temperature.
When cold it i very viscous, but on wanning 1t becomes sutficiently tlaid to
pump or otherwise transter without difficulty.

Most motals e dnatfected by Amine D under normal conditions of con-
tact and storag.. Laboratory tests showed no effect on clack tron, stainless
steel. Monel, copper, nickel, tin, zinc. or aluminunt at room temperature At
A00°F (149°Cy, Amine D caused shght corrosion (approximately 2 mils per
vear) of black non, Moned, nickel, un, and zine, but had no eftect on stainless
steel, aluminum, or copper.

Surtace Activity Amine D facihtates the wetting of siliceous surfaces, as
illustrated by the contact angle measurement data that follow.

Contact Angle Against Glass

Test Sample Immersed in Water (average value)
Mineral spirits alone 1317
Minera! spirits + 0.1% Amine D 114°
Minerat spirits + 1.0% Amine D 96~
Mineral spirits + 5.0% Amine D 77¢

These tests were made by releasing drops of solution of Amine D in min-
eral spirits beneath glass plates submerged in water, in a honizontal position.
and measuring the contact angle dircctly with a microscope. The smaller the
angle, the greater the wetting.

Chemical Reactivity -- Amince D offers manutacturing chemists an unusual, high-
purity, high nrolecular weight atune. As a chemical raw material ot intermediate,
it may be considered to e g technicdl grade of dehydroabictviamine, a con-
densed-ning-structure, parteliv aromatic priovary ammine whose structure is shown
on page 3. It undergoes e many and veried reactions commonly associdated
with amanes of tos types A tew examples areits reaction with acids to produce
amine salts, with alky) halides to produce secondary and tertiury amines and
amides, and with anhydrides to torm imides. On the following two puages, in
cequation form, arc other potential choemical reactions to which Amine 3 can be
applicd.

Particulanty valuable derivatives of Amine 1) are the simple salts tornied by
reaction with carboxylic acids and aculic phenols. Eaxamples are the salts ot
accetic acid and pentachlorophenol. The commercially avatlable cectates ot
Anine 1Y are discussed on page 7.
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. - .
Possible Chemical Reactions of AMINE D (RNH,)
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Possible Chemizal Reactions of AMINE D (RNH5)
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CHEMICAL AND PHYSICAL PROPERTIES
OF AMIME D ACETATE

The acetic acid sait of Amine D is commercially availablic from Hercules as
Amine D Acetote Two concentrations are offered: a 70 percent solids aqueous
paste and a SO percent solids agueons-aleoholic solution. Properties ot these
products are shown below:

Propertias of Amine D Acetate

Amine D Acetate

70% 50S
Sohds content, %, 70 50
Water content, % 30 39
Isopropy! alcohol content, % : 1
Specitic yravity at 25/15.6°C 1.036 1.017
Pourds per gallon at 25°C {kg/l) 8.630(1.04) 8.460 (1.02)
Viscosity at 25°C, poises sohd paste 1.070
Fiash point, Tag. open cup, °F {°C) .- 140 (60)
Freezing poirt, °F (°C) - 15 (-9)

Solubility - Amine D Acetaie is quite soluble in water and lower molecular
weight alcohols. Its solubility in most other organic solvents 1s not as great.
In very hard waters, the presence of iens such as phosphate. chloride, and sul-
tate causes cloudy solutions. In waters of normal hardness, dilute solutions of
the acetate (0.01 o 1 percent) may trequently be harzy, but higher strength
solutions of from 1 to 50 percent are generally clear. Fifty percent concen-
trations are about the limit of solubility of the acetate i water at room temper-
ature.

NOTE: The 50 percent solids commercial Torm of this gcotate s
readily diluted with water to lower concentrations. The most sat-
itactory dilution procedure for the 70 percent solids prodact, which
is a hoavy paste, is as follows: (1) add 1 part of water to | part of
the paste and stir until mixture s unitorm: (1) det stand 24 hours,
after which the fluid paste can be readily dduted to any desired lower
concentration.

Stability to Heat and Storage - | he water- and alcohol-tree avetate ot Amne
l;‘i:les't_slmc.'lk(.)“ﬁ;-;ihl'\ﬂI()@‘.(L"i)\_pcruturmul around 90°C . Gpon prolonged heating
3t higher temperatures, it is converted into the free amine and acetic aaid. or
to an N-substituted acetamide when the acetic acid Tonmed cannot readily
escape. For example, in o closed system, when o sanple of the acetate ot
Amine D (100 percent solids) was heated 03 hoctsat 63 °Cono change i compo-
siinn oceurred; when heated at 1057C tor 1.5 hours, this salt was converted
completely to an acctamide.

7otk
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Stability to Air and Sunlight - A charactenstic ot fugh molecular weight pni-
mary amines and their salts is susceptibility 1o oxidation when thin filims on
varous, substrates are exposed 1o air in the presence of sunhiyht. Sunlight cata-
lyses the axtdation. In the absence of sunhight, oxidation as negligible. The
acctiate of Amine D). being a high molecular weight promary amine salt, also
has this characteristic.

Surface Activity - Phe acetate of Amine D has dehinite surfactant properties.
It shows narked wetting activity on siliceous surfaces. In agqueous solution,
Annne 1Y Acetate oy adsorbed by cellulose fihers, threads, and Tabres and, afrer
dryving, s not readily removed by subsequent washing Also. the wetting time
ol cotton, as measured by the Draves method, s matkedly decreased by the
preseice of smuall amouonts of this saltin the water,

The tollowing Jata dlustrate these swetting properties. and show how
sturtace tension and interfacial tension between water and organic hquids are
ducrcased by the presence of this acetate:

Amine D Acetate
{concentration in water %} 0  0.01 0.10 0.15 2.175 0.20 0.50 1.00

Surface tension,
dynes/cm at 25"'C 72.1 B854 277 - — 334 334 -

Interfacial tension
(isooctane-water),
dynes/cm at 25°C 475 - 92 - - - - 09

Wetting speed,
Oraves method
(cotton), sec — - 180 50 18 9 - -

TOXICITY AND HANDLING PRECAUTIONS

11he most amines and their safts, Amine 1) and the acetate, although ot relu-
tively low toxicity, should be handled with care. Theswe produodts iy cause skin
writation. Avoid prolonged or repeated contact with the skin.

Dermatological studic - indicate that Amine 1D and certaim ol its derivatives
are not skin sensitizers, At concentrations below 0.5 percent, they do not act
as primany irritants even on prolonged exposure to the skin However, coneen-
trated solutions or the undiluted material on prolonged expo e do act as pri-
mary skin irritants, just as do muny other amines and their salts.

i1 accidenty) contuct is made with the skin, wipe off at onee. In the case of
Amine D apply vinegar or i S percent solution of acetic avnd and follow with
thorough wiashing, using mild soap and waler The acetate salt form should b
renovaed promptly by fust washing with water tollowed By thorouph wasdiong
wilh anibd soupr and waler

Should these produd s contact the evesommediately e with pleniy ol
water tor at teast 15 aunades, get medicat artention T spebsan clotlong e
move ol wash betore reuse.

Copy gvcilable to TDC doss atd
pormy fully legible Pepicduction
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APPRNDIX

TEST OPERATIONS AT JBF CO. FACILITIES, 20 SEPTEMBER 1976
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GWLATION oF OIL SLICKS bY AMINE CARBAMATE:S AS AN ADJUNCT TQ U.5, NAVY OIL SPILL
KRCOVARY OPFRATIONS., (Contract No. N00014-76-C-0349)

Test Operations at JB® Zo. Facilities, 20 September 1976
T. 5mall quadrant test;:
A. Senuence:
1. Apply 2 zal. "“lesel Fuel to surface of pool.
2. Apply small quantities of Piston (11 Film *to assist in containment of
of sliek.
2, Spray 0.3 ral. ‘making for 157 vol./vol. concentriim:) »f solutian of
Amine "7 (70% 7, 15% ethyl alrohol, 15% berzyl alcohol) on surface of slizk.
4. Apply powdered Nry Ice. Let stand for 5 minutes for rcelation.
5. Recover relled slick usin. sieve.
4, Apply Piston 011 ®ilm to ary residual ungelled oil.
R. Objectives:
1. lemoncstrate sprayinrs technique and subseguent applicition of ee,.
‘ Demonstrate compatibllity of Amine “D" system with Piston 011 ©ilm.
B 3. Demonstrate sleving technique for harvesting of gelled slick.

IT. large quadrant test:
A, Sequenceg
1. Apply 5 gal. of previously mixed No, 2 Fuel 011/ Amine "D" soln.:

4.1 gal. No. 2. Fuel 011(_ a
0.7 gal. Anine U soln. ( 15% solution concentration, 2s above.

2. Dust with powdered Dry Ice.

3. Harvest with DIP
B. Objectives:

1. Demonstrate harvesting technique and compatability with DIP,
. Comments:

1. Pre-mixing necessary for this test inasmuch as sprayer will not reach
all dimensions of large quadrant of pool.

JITI. Flame suppression test;
A. Apply 1 am film (75 ml.) of ungelled gasoline to surface of 10ft x 1" (deep) x
14 * (wide) trough filled with water.
B. TIgnite downyind end of trough and time spread of flame down trough.
C. After fire ’burned out, apply 75 ml of B5% gasoline - 15% Amine 1) sotution
to trough. Duat with powdered Lry Ice.
D. Set fire to downwind end of troughi relled film probably will no! ivnite or will

burn very slowly down lenpth of trourh if 1pnition does oceur.
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IV. Fluorescence test: small quadrant. (Nighttime operation; optional)
A. Sequence:

1. Apply 2 gal. oll slick to small quadrant of pool,

2, Spray 0.3 gal. of Amire D solution to periphery ef slick; this
solution contains minute quantities of Rhodamine B dye,

3. Dust periphery of treated slick with Dry Ice powder,

%, After darkness, examine slick with UV ("Black") light to
demonstrate nighttime visibility.

B. Objectives;
1. Denmonstrate nighttime capability which could be derived from
use of fluorescers.
2. Demonstrate capabllity of containment of o0ll slicks by use of
peripheral treatments with amine gelants.

Pl
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@Ei%y  NAVAL RESEARCH LABORATORY

LT

“% WASHINGTON. D.C. 20390 INREPLY REFER 10

s 8330-042:WDG:ncp
Y
:”{-"ésé 01 March 1976
g

LSCRNR

Dr, william w. Bannister
Department of Chemistry
University of Lowell

Lowell, Massachusetts 01854

Dear Dr. Bannister:

With regard to your progress report of 12 February 1976 (Contract
Nu. NOOO14-76C-0349), I find that your program is proceeding in a
1ngical fashion, Your progress to date indicates that you will
have a workable gelling agent in time for the plan.cd field tests
later in the year, [ am particularly intercsted in your proposed
studies of the effect of gellation on volatility. This will be a
useful adjunct study relevant to the possible irmobilization and
hazard reduction in spilis of flammable jet fuels and gasolines,

In fact, I would suggest that more emphasis be given to volatility
cffects, if these studies indicate significant reductions in
vaporation rate,

In the toxicity studics there may be an influencc of the No. 2
fuel oil on the organisms tested, Perhaps fuel oil and the amine
mixtures should be tested separately as well as in combination,

From a practical standpoint, your research should be geared to
relatively thin oil luyers, Small spills of distillate oils vary
in thickn«¢-s between 1 and 5 mm, while heavier petroleum fractions
form films on water with thicknesses up 2o 1 cm, It might be
interesting to study thc effectiveness of gellation as a function
of oil-film thickness,

Your proposed reporting schedule is satisfactory, and I wish you
continued success in your future endeavors, Tentutively I plan a
sitec visit to your laboratory during the weck of April 19, Thereo
18 a conference in Boston that week which 1 hope to attend, I
will be in contact with you later to confirm this visit,

Best regurds,
M

. v e B -
. . . R
, e L

W. 1), GARRETT, lic !
Interface Chemistoy Hection
Occan Scicnces Division

ce: NAVIFAC 0321 (S, M, Hurley)
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NAVAL RESEARCH LABORATORY
WASHINGTON, D.C 20375 1N REPLY REFER TO:

8330-171L:WDG:me
27 July 1976

tlliam W, Bonnister
Prenartmeat ot Chiemistry
University of Lowell
Lowell, MA 01854

Dear Dr. barnister:

Your progrcecss report No., 4 of 8 July 1976 on the project
“"Gelatien of Oil Slicks by Aminc Carbumates as an Adjunct to
.S, Navy Oil Spill Recovery Operations’ has been reviewed, The
worg 1s on target and in accordance with the contract assignments.
I especially appreciate your willingness to follow the guidcelines
vutlined in my letter of 1 March, which suggested minor modifica-
tions in the rescarch direction.

The additional research performed by your group on the reduc-
tion of flammability hazards in volatile fuels through gelation may
prove Lo be of future value to the transport and handling of petroleum
products., Although flammability reduction is not a part of the contract
work statement, 1 hope that you have the opportunity to determine flame
propagation rates of gelled vs. ungelled fuels. Such studies could be
performed in open trench tests of the kind we discussed during your 22
July visit to NRL.

In recent telecons with you and Mr, Bianchi of JBF Scientific
Corporation, it was determined that f{ield evaluations of the devei-
oped gelation system will be performed in September (tentative date,
week of 20 Sept,) in the JBF test tank, IL 135 anticipated that thesc
studies will be designed to achieve the foilowing goals:

(1) Determination of the feasibility of in situ oil spill gelation
using the developed amine¢ carbamate approach under ficld
conditions.

(2) Evaluation of the effectiveness of devices for applying gela-
tion sagents,

(3) Studies of the ability of oil-spill removal systems to harvest
the gelled petroleum oil.,

(4) Determination of the possibility of proemixing the amine and
COs prior to thelr contact with the floating oil and the
propertics ol the gel produced by such a procedure,
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Oil-cellecting agents (Piston Film) will be used to confine
eome of the test spills to dcotermine the advantage of pre-
venting spreading of the spill prior to pgelation,

With regard to the latter study, I have supplicd two l-pint cans
of the Navy piston film (Federal Stock No, 6810-172-9110) to JBF for
usc in the Septembter test-tank cvaluations. Thank you for your invita-
ticn to obscerve and participate in the field studies. 1
1o contribute to their success,

will endcavor
Very truly yours,
Pl

A Han sy

n
William D. Garrett, He&d
Interface Chemistry Section
Ocean Sciences Division

cc: S, M. Hurley, NFAC 032 B
R, A, Bianchi, JBF Scientific Corp.




